INTRODUCTION {#sec1-1}
============

Worldwide, the estimated number of persons living with the human immunodeficiency virus (HIV) in 2007 was 33.2 million.[@ref1] Sub-Saharan Africa remains the most affected by the global acquired immunodeficiency syndrome (AIDS) pandemic; more than two-thirds (68%) of all people living with HIV are in this region. Also, more than three-quarters of AIDS deaths in 2007 occurred in sub-Saharan Africa. The HIV epidemic in Nigeria is believed to have started in the 1980s. The first AIDS case in Nigeria was reported in 1986. At the end of 2006, the prevalence HIV/AIDS in Nigeria was estimated to be 4.4%.[@ref2] Untreated HIV infections usually progresses to AIDS. Recent advances in HIV therapy have enabled patients to live longer. Thus, individuals affected by HIV are more likely to develop long term complications of HIV/AIDS including cardiovascular (CV) complications. The introduction of highly active antiretroviral therapy (HAART) in the mid to late 1990s dramatically reduced HIV-associated morbidity and mortality in treated patients, so that they no longer inevitably succumb to opportunistic infections.[@ref3][@ref4] The increasing accessibility of antiretroviral drugs in resource poor countries has led to a significant reduction in morbidity and mortality.

Side effects and toxicities are associated with these highly effective therapies. There is growing concern that the metabolic complications associated with HIV and antiretroviral therapy may lead to an increased risk for CV diseases.[@ref5][@ref6] Following the introduction of HAART, studies reporting treatment related side-effects such as hyperlipidaemia, fat redistribution, insulin resistance and high blood pressure began to appear in the literature.

Some of these complications are also components of metabolic syndrome, which constitute a CV disease risk in the general population. Studies have reported higher prevalence of metabolic syndrome among HIV positive patients on HAART than in HIV negatives.[@ref7][@ref8]

Several studies on CV risk factors among HIV/AIDS patients on HAART have been reported in the western literatures but there is paucity of information on this subject in sub-Saharan Africa, which has the greatest HIV/AIDS burden and increasing access to HAART. Identification of these risk factors and appropriate intervention where necessary would allow assessment of impact of HAART on CV risk.

This study aimed to evaluate the CV risks profile of HIV/AIDS patients at a health facility in Kano, Nigeria. Our objectives were to compare CV risk factors burden among HAART-treated and HAART-naïve subjects.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a cross-sectional study carried out at the HIV specialty clinic of Aminu Kano Teaching Hospital (AKTH), between May and August 2009. The study involved two groups of patients. Group 1 included HIV positive patients attending HIV specialty clinic who had been receiving HAART for at least 6 months. The Control group (group 2) comprised age and sex matched HIV positive patients who had indication for HAART but had not commenced, either because they are on a waiting list or they are undergoing investigations before commencing HAART. We excluded patients less than 18-years-old, those on HAART for less than 6 months, pregnant and lactating women, those with documented hypertension, diabetes and dyslipidaemia before commencing HAART, terminally ill patients and those who declined consent. Patients, who met the inclusion criteria, were recruited consecutively.

Group 1 patients were recruited during their routine follow up while group 2 patients were recruited during their initial visit. HAART was defined as a combination of at least three classes of antiretroviral drugs, namely protease inhibitors (PIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs) and nucleoside reverse transcriptase inhibitors (NRTIs), one of which was a PI or an NNRTI or a triple combination of (NRTIs).

Informed consent was obtained from each patient and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in *a priori* approval by the AKTH Ethics committee. Data were collected using a pre-tested interviewer-administered questionnaire. History was obtained and thorough physical examination performed including measurement of blood pressure, palpation of pulses and anthropometry. Height was measured with a stadiometer with the patients standing erect on a flat surface without shoes or headgear. Weight was recorded in kilograms using a standard weighing scale on a firm horizontal surface with patients wearing light clothing.

Twelve lead surface electrocardiogram (ECG) will recorded for all patients in the ECG laboratory of AKTH using Schiller ECG machine in the standard fashion. Body mass index (BMI) and waist-hip ratio were calculated using the standard formulae. Venous blood was taken after a 10 hour overnight fast for the determination of fasting blood glucose (FBG), lipid profile and uric acid. Electrocardiography, liver function tests, CD4 cell counts and urinalysis were also conducted.

Hypertension was identified when the average of two blood pressure (BP) measurements was equal to or greater than 140/90 mmHg. Diabetes Mellitus (DM) and impaired fasting glycaemia (IFG) were defined using the American Diabetes Association (ADA)[@ref9] guidelines as follows: DM-Fasting plasma glucose ≥126 mmg/dl (7 mmol/l) or Random plasma glucose of ≥200 mg/dl (11.1 mmol/l) and IFG-Fasting plasma glucose (6.0-6.9 mmol/l). Dyslipidaemia and metabolic syndrome were defined using the National Cholesterol Education Programme (NCEP) adult treatment panel (ATP) III guidelines.[@ref10] Obesity was defined with the BMI using the World Health Organisation (WHO) classification.[@ref11] Patients were said to have increased waist circumference (WC) according to the NCEP ATP III guidelines: ≥102 cm for males and ≥88 cm for females, and waist hip ratio (WHR) was said to be abnormal if \>0.9 for men and \>0.85 for females. left ventricular hypertrophy (LVH) was assessed using the Lyon-Sokolow criteria.[@ref12]

Statistical analysis {#sec2-1}
--------------------

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS), version 16.0. Analysis of continuous variables was carried out using the procedures of descriptive statistics and later, to identify any differences we used Student\'s "*t*" test. Continuous variables were analysed with descriptive statistics and compared using Student\'s *t*-tests. Categorical variables were analysed using contingency tables involving Chi-square (χ^2^) tests to identify statistical differences between the groups. The relationship between HAART and CV risk profile was determined using logistic regression analysis. For all statistical test *P* \< 0.05 was considered significant.

RESULTS {#sec1-3}
=======

Two hundred subjects were studied; 100 were on HAART (group 1) and the other 100 (group 2) were HAART-naive. Participants' age ranged from 20 to 50 years while their mean age was 32.5 ± 7.55 years. The corresponding age range for group 1 and group 2 were 20 to 50 years and 20 to 48 years while the mean ages were 32.81 ± 7.63 years and 32.36 ± 7.50 years, respectively (*t* = 0.421, *P* = 0.675). Sixty-four percent of the respondents (*n* = 128) were aged between 20 and 34 years. Only 21.5% (43) of the respondents were above the age of 40 years. The proportions of females were 54% and 52% in group 1 and group 2, respectively. The duration of HIV diagnosis ranged from \<1 year to 12 years for group 1 and about 99% of them were diagnosed more than 1 year ago. For those in group 2, duration of HIV diagnosis was from a month to 6 years; about 76% were diagnosed less than a year ago.

[Figure 1](#F1){ref-type="fig"} show the various HAART regimens. All the subjects on treatment (group 1) were on a backbone of either lamivudine (3TC) 78% or emtricitavine (FTC) 22% which are essentially similar drugs. Fifty-four percent were on zidovudine based (AZT), while 23% each were on stavudine (D4T) or tenoforvir-based regimens (TDF). Ninety percent of them were on nevirapine (NVP) as the third agent in the HAART, 9% on effaviranz (EFV), only a single participant was on lopinavir (LPVr). The duration of treatment ranged from 6-84 months.

![Types of HAART regimen among group 1 respondents 3TC -- lamivudine; FTC -- emtricitavine; AZT -- zidovudine; D4T -- stavudine; TDF -- tenoforvir; NVP -- nevirapine; EFV -- effaviranz; LPVr -- ritonovir boosted lopinavir](NMJ-54-185-g001){#F1}

[Table 1](#T1){ref-type="table"} shows the baseline clinical and laboratory parameters of the study subjects. The proportions of CV risk factors in the 2 groups are shown in [Table 2](#T2){ref-type="table"}. Hypertension was documented among 17% and 2% among groups 1 and 2 subjects respectively (*P* \< 0.001). Among the hypertensives in group 1, seven were on stavudine based, six on zidovudine based and four on tenoforvir-based regimens. Hypertension was predicted by increased BMI (OR 3.69, 95% CI 5.75-280.68) and longer the duration on HAART (OR 1.37, 95% CI: 1.12-5.57). Hypercholesterolaemia was found among 31% of the subjects in group 1 and 7% among subjects in group 2 (*P* \< 0.001). The prevalence of metabolic syndrome among group 1 and 2 were 21% and 9%, respectively (*P* = 0.017). Of the 21% of group 1 with metabolic syndrome 9%, 7% and 5% were on zidovudine, satavudine and tenoforvir-based regimens. Eleven percent of group 1 and 2% of group 2 were obese (*P* = 0.018). Thirty-four percent and 28%, respectively, were overweight (*P* = 0.359). There was statistically significant increase in BMI with increasing age (OR-0.964, 95% CI: 1.016-6.217), but no significant association was seen between increase in BMI and type or duration of HAART.

###### 

Clinical and laboratory characteristics of the subjects
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Proportion of cardiovascular disease risk factors and metabolic syndrome in the two groups
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DISCUSSION {#sec1-4}
==========

This study found a significantly higher burden of some CV disease risk factors (viz: Hypertension, hypercholesterolaemia, obesity and metabolic syndrome) among HAART-treated HIV patients than their HAART-naïve counterparts. Trends in published research findings on this subject have shown a mixture of association and lack of association between HAART use and CV risks.

Gazzaruso *et al*., compared the prevalence of hypertension among 287 HIV positive patients receiving HAART to 287 age- and gender-matched controls in relation to the metabolic syndrome, they found an increased prevalence of hypertension (34.2% vs 11.9%) and metabolic syndrome (33.1% vs 2.4%), in the patients on HAART.[@ref13] In contrast, Bergensen *et al*.,[@ref14] compared the prevalence of hypertension in HIV-infected patients' naive to HAART, those receiving HAART and HIV-negative controls. They found no statistical difference across three groups. Similarly, a Kenyan study found no difference in the prevalence of hypertension between HIV positive subjects on HAART and those who were HAART naive.[@ref15] The finding of a significant difference in the prevalence of hypertension in our study might be as a result of muscle wasting and dehydration in the untreated patients. Some workers have observed that in untreated patients, systolic BP (SBP) is reduced progressively in HIV infection.[@ref16] Additionally, it has been postulated that untreated HIV disease may tend to lower BP, while normalisation of immune status and suppression of HIV replication with potent antiretroviral combinations elevate BP.[@ref17] Whether continued treatment with HAART results in an increased incidence of hypertension or a normalisation of BP from untreated disease is unknown.

In our study SBP correlated with waist-to-hip ratio, which is a marker metabolic syndrome and is associated with HAART use. The chances of having hypertension in this study were predicted by increasing BMI and longer duration of HAART. Increasing BMI has been shown to be a predictor of hypertension among patients on HAART by other investigators.[@ref18][@ref19] Also, Seaberg *et al*., found the duration of HAART to be a predictor of hypertension. In their study, the prevalences of systolic and diastolic hypertension were found to be non-significantly different between patients who had received HAART for less than 2 years and HIV-negative controls.[@ref20] However, our study suggests that HAART predisposes to development of high blood pressure in patients who had treatment for 6 months or longer. It is important to note that the fairly high prevalence of hypertension (25-35% among adults) among the general population in the study area implies that exposure to HAART may be unmasking a pre-existing predisposition and may not be a direct cause.

The finding of hypercholesterolaemia is similar to previous findings of Manuthu *et al*., who found prevalences of elevated total cholesterol (TC) to be 39.2% and 10% among HAART-treated and HAART-naïve subjects.[@ref15] In this study, the prevalence of hypertriglyceridaemia was not statistically different between the two groups. This is concordant with the findings of Manuthu *et al*.[@ref15] The high prevalence of low High density lipoprotein cholesterol (HDL-C) among HAART-naïve subjects may be as a result altered lipid metabolism which is known to occur in association with HIV infection. An earlier publication by Riddler *et al*., suggested that HIV seroconversion resulted in reductions in total cholesterol, low-density lipoprotein cholesterol (LDL-C), and HDL-C levels and that initiation of HAART increased both TC and LDL-C levels but not HDL-C.[@ref21] Some studies suggest that effavirenz usage is associated with the development of increased TC levels, largely due to beneficial increases in HDL levels.[@ref22] Ninety-nine percent of the subjects on HAART arm of this study were on non-nucleoside reverse transcriptase inhibitors (NNRTI). This class of anti-retroviral (ARVs) was shown to raise HDL-C level substantially as immunological status improves which may provide a potential long term beneficial effect on CV risk profile.[@ref22] This finding suggests that NNRTIs could have beneficial effects on lipids profile in addition to reducing viral replication and improving immunological status.

There was higher prevalence of obesity (BMI \>30 Kg/m^2^) and increased WC among subjects that were on HAART. This contrast the findings from Data Collection on Adverse Events of Anti-HIV Drugs (D: A: D) study were HAART-naïve subjects tended to be obese compared with HAART-treated subjects.[@ref23] Lipodystrophy with lipoatrophy might have contributed to this finding in DAD study. However, we did not record any case of lipodystrophy in our study. Additionally, this disparity may be partially explained by malnutrition, opportunistic infections like tuberculosis and the mode of presentations of our patients where presentation is usually late with AIDS-defining illness such as the HIV wasting syndrome.

We found no statistically significant difference between the prevalence of DM in the two groups. This is in agreement with findings of previous studies. Our finding of a 3% prevalence of DM among HAART recipients is comparable with the 2.5% reported in the DAD study. While it is still unclear if HIV increases the risk of insulin resistance, factors attributed to this association include use of PIs, which have been found to induce insulin resistance over a short treatment course.[@ref24]

The overall prevalence of metabolic syndrome in our study was 15%. This was similar to the 17% prevalence of metabolic syndrome among Spanish HIV positives subjects.[@ref7] Metabolic syndrome was higher among subjects who were on HAART compared to HAART naive subjects. Several studies have estimated the prevalence of metabolic syndrome among HIV-positive HAART recipients. Reported prevalences have ranged from 14% to 25%.[@ref25][@ref26] While some workers reported metabolic syndrome prevalence was similar to that of control groups, others reported it to be higher among HAART recipients.[@ref26] Jacobson *et al*., noted specific anthropometric limitations to the metabolic syndrome definitions when applied to HIV-infected HAART recipients.[@ref27] WCs were lower in HIV-infected HAART recipients compared with the uninfected population despite similar prevalence rates for metabolic syndrome.[@ref28] As such metabolic syndrome definitions may not be sufficiently sensitive for HIV-infected HAART recipients.

Metabolic syndrome in HIV-infected HAART recipients likely represents the synergy of drug effects on glucose and lipid metabolism, HIV/drug-induced impairment of adipose tissue function, underlying genetic predisposition to metabolic disease and lifestyle factors.[@ref7]

While most classes of ARV drugs used in HAART could increase CV risk, the effect is mostly seen with regimens containing PIs. The fact that only one patient in this study had a PI containing regimen may suggest that the effect of HAART on the risk factors could have been underestimated. The comparison done was mainly between stavudine, tenoforvir and zidovudine, which are all NRTIs. Despite this, the study result has shown that non PI-containing HAART regimens, which are mostly used in sub-Saharan Africa also significantly, affect the CV risk factors.

CONCLUSION {#sec1-5}
==========

This study showed that exposure to HAART whilst improving the immune status of patients, predispose them to development of hypertension, dyslipidaemia and metabolic syndrome. Thus, there is need for CV risk factors assessment before initiation of HAART followed by periodic monitoring while on the treatment. This will ensure prompt detection and management of CV risk factors and the prevention of CV events.
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